Background: Juniperus chinensis L. populations are distributed locally on several areas including coastal cliffs which are difficult to access in the central eastern Korea. Wild populations inhabit relatively barren environments such as rocky areas and cliffs, which are very sensitive to even minor environmental disturbances including artificial interventions and natural disturbances, and thus demonstrate great fluctuations in the population size and density. This study aims to analyze the genetic diversity, differentiation, and genetic structure of each population in order to provide useful data required to establish a substantial conservation strategy of J. chinensis. Results: The genetic diversity of J. chinensis at the population level (P = 78.7%, h = 0.282, S.I. = 0.420) was somewhat higher compared with those measured in the same genus, Juniperus. The genetic differentiation degree among nine populations established naturally in central eastern Korea was 11.50% and that among sub-populations within the same area was 5.52%. On the other hand, genetic variation of individuals within the populations was 82.93%. But frequency of the main allele was different among loci. In particular, fixation of allele frequency and occurrence of rare allele in the highly isolated population suggest a likelihood that genetic drift would occur in populations of this plant. As the result of analysis on the genetic structure of nine populations, nearby populations and isolated populations tended to form separate clusters from each other as the hypothetical number of clusters (K) increase. Conclusions: This result implies that if the population size of J. chinensis is reduced due to environmental change and artificial and/or natural disturbances in the future, it could affect negatively on the genetic diversity of the plant species. In order to maintain and conserve genetic diversity of J. chinensis, ecological network, which can help genetic exchange among the local populations, should be prepared, and conservation strategies in situ as well as ex situ are also required with continuous monitoring.
Background
Plant population usually shows high genetic variability. The mating system, life form, population structure, population size, and fecundity have all been cited as determinants of both the overall genetic variability within plant species and the distribution of this variability within and between populations (Hamrick and Godt 1990) . Levels of genetic diversity within and among populations have important consequences for the evolutionary trajectories of species and for the function and composition of ecological communities (Hughes et al. 2008) . Genetic diversity influences functional trait variation, recovery of populations following disturbance, species interactions, community structure, and nutrient and energy fluxes (Hughes et al. 2008; Bell and Gonzalez 2009 ). Consequently, understanding how genetic diversity is distributed in time and space is critical for managing biodiversity over broad spatial scales (e.g., responses to climate change) within biologically realistic time frames (i.e., decadal and longer) and helping to guide investments into on-ground actions (e.g., restoration).
Both adaptive and neutral evolutionary processes shape the distribution of genetic variation within species. While knowledge on the genetic variation underlying past adaptation and potentially available for future adaptation is an ideal for conservation and restoration ecology, assessing this variation is both time-consuming and resource intensive (e.g., common garden or transplant studies). Such assessments often require large-scale and often long-term quantitative genetic studies, with the validation of associations between functional traits and fitness being challenging (Rockman 2012) . Consequently, for the majority of species of interest in conservation, we must continue to largely rely on putatively neutral genetic variation to link molecular variants with functional traits. In plants, neutral genetic variation is influenced by a range of life-history and geographic and demographic attributes, such as growth form, range size, and abundance (Hamrick and Godt 1996) . Understanding associations between these species attributes and the level and structuring of neutral genetic diversity can help build generalizations to guide conservation and restoration decisions, especially for plant species where little or no information exists. These generalizations would be useful for developing guidelines for the management of small populations of threatened species (Frankham 2015) .
Habitat fragmentation is a significant threat to the maintenance of biodiversity in many terrestrial ecosystems ). Many studies have investigated the effects of fragmentation on the genetic diversity and population structure of plant species (Nybom 2004) . In general, fragmentation is expected to reduce genetic diversity and to increase interpopulation genetic divergence by restricting gene flow among fragmented populations, increasing inbreeding, and increasing random genetic drift within populations. However, habitat fragmentation does not always lead to reduced genetic variation (Young et al. 1996) . In some cases, the genetic diversity of a fragmented population can be higher than that of a continuously distributed population (Llorens et al. 2004) . This is because the effects of habitat fragmentation on genetic diversity and population structure can be affected by other factors, such as population size, gene flow, and the time scale of fragmentation (Jeong et al. 2010) .
Fragmented distributions of plant populations are caused not only by human activity but also by natural factors, such as long-term, large-scale climate oscillations, topographical changes, the isolation of suitable habitats, or other ecological changes. Studies of the genetic diversity of naturally fragmented populations may not only reveal the ecological consequences of population fragmentation over long periods of time but also provide a frame of reference for predicting the consequences of habitat fragmentation by human activities. Genetic analyses of naturally fragmented populations have been conducted in several studies (Hou and Lou 2011) .
Juniperus chinensis belongs to family Cupressaceae and is distributed throughout the warm temperate and temperate climate zones in the northern hemisphere including Korea, China, Mongolia, Japan, Myanmar, and Russia (IUCN 1998; Farjon 2005 Farjon , 2008 . It is a tall evergreen shrub with a unique scent, which is used as air freshener, furniture wood, ornamental plant, and so on. The extract of J. chinensis contains α-piene, limonene, cedrol, widdrol, and cedrene, and thereby is considered as an important plant resource with a high potential value in developing new anticancer drugs or drugs against various diseases (Adams 2011; Jo 2012) . J. chinensis is categorized as a least-concern species in 1998 on the IUCN Red List although they experience overcutting and destruction of its habitats. J. chinensis populations are distributed locally on the coastal cliffs of Ulleung Island and several areas in Gangwon-do and Gyungsangbuk-do located on the central eastern Korea, which are difficult to access (Lee 2005 ; Ulleung County The Office 2007).
Wild populations of J. chinensis inhabit relatively barren environments such as rocky areas and cliffs, which are very sensitive to even minor environmental disturbances including artificial interventions and natural disasters, and thus demonstrate great fluctuations in the population size and density. Indeed, damaged habitats of woody plants require a much longer period for recovering original vegetation than herbaceous plants. Therefore, they are prone to be isolated genetically. Consequently, as the effective size of population decrease and alleles lose, genetic drift and bottleneck phenomenon increase (Hartl and Clark 1997) . Moreover, imbalance in the sex ratio of dioecious plant species such as J. chinensis not only reduces the population size but also causes a bottleneck phenomenon (Murphy 1990 ). In addition, owing to the pressure of inbreeding, various genes are lost and abnormal offspring are reproduced. This, in turn, causes a decrease in the adaptability of individuals, and eventually the possibility of extinction increases.
As damage to natural ecosystem continues to increase, the conservation of biodiversity is gaining more concern. Since the Convention on Biological Diversity was established at the Earth Summit in Rio de Janeiro, Brazil, in 1992, conservation of biodiversity and sustainable use of its components have been adopted domestically and internationally, and each country participate in various international cooperation and legal means for the conservation of biodiversity. Methods for the conservation of genetic resources of biological species are categorized into in situ conservation and ex situ conservation. These conservation methods are not only to prevent the extinction of species but also to conserve habitats or create alternative habitats. They serve the function of a gene bank by restoring habitats, securing an abundance of genetic variation and diversity, and maintaining populations of effective size for a long-term supply of seeds for the next generation. Therefore, it is required to establish an appropriate conservation plan by securing genetic data on the objective species for efficient conservation and management of genetic resources. In this respect, analysis on the gene diversity of local populations of a species that conservation is required can play a key role in providing information to systematically establish conservation strategies for comprehensive conservation and management of species (Hughes et al. 2008) .
This study aims to analyze the genetic diversity, differentiation, and genetic structure of each population in order to provide useful data required to establish a substantial conservation strategy of J. chinensis, which is categorized as a least concern by IUCN.
Methods

DNA extraction and polymerase chain reaction amplification
For the genetic analysis, 196 individuals of J. chinensis were collected from nine populations from 2010 to 2013. We collected from 12 to 49 samples for each population based on the population size (Table 1 and Fig. 1 ). All individuals sampled within each population were separated by at least 2 m to avoid collecting the same clone.
Total genomic DNA was extracted from fresh and frozen leaves using the Dneasy Plant Mini Kit (Qiagen) following the manufacturer's manual. The sixty ISSR primers (UBC biotechnology laboratory primers) were screened to produce reliable and reproducible bands for data scoring, and six primers were selected for evaluating genetic diversity (Table 2) . PCR amplification was conducted using selected primers in a total reaction volume of 20 μl containing 10 ng of total DNA, each primer at 300 nM, 1× PCR reaction buffer, 0.2 mM dNTPs, 0.00025% BSA, and 0.8 unit Taq polymerase (Genecreft, Biothem). Polymerase chain reaction (PCR) conditions were an initial denaturation of 94°C for 2 min, 35 cycles of 94°C denaturation for 45 s, 50-52°C annealing for 45 s, extension of 72°C for 1 m 30 s, and final extension at 72°C for 10 min. The PCR products were subjected to gel electrophoresis for 2 h in a 1.5% agarose gel (w/v) using a 1xTBE buffer (pH 8.0). Following the electrophoresis, the gel was stained with ethidium bromide and was visualized under a UV transilluminator using the gel documentation system.
Genetic analysis of data
The data were scored as 1 for presence (dominant type) or 0 for absence (recessive type) of a DNA band in each locus and then used for further analyses. All the genetic analyses were carried out based on the presence frequency of the aforementioned marker bands. The Popgen program (Yeh et al. 1999 ) was used to analyze the percentage of polymorphic bands (P), the mean number of alleles per locus (A), the effective number of alleles per locus (Ae), and Shannon and Weaver (1949) (1978) . The molecular variance (AMOVA) was analyzed using Arlequin ver. 3.11 (Excoffier et al. 2005 ) to determine the degree of the genetic diversity distribution within and among the populations. To examine the correlation between genetic differentiation and geographic distances among populations, Mantel tests (Legendre and Legendre 1998) were conducted using the computer program IBD (isolation by distance) ver. 1.52 (Bohonak 2002 ). In addition, STRUCTURE ver.2.3.3 software (Falush et al. 2007 ) was used to identify distinct sub-populations and to determine fractions of the haplotype for each strain that belong to each sub-population. The simulations were run 10 times for each K value (1-10), for 100,000 iterations, after a burn-in period of 50,000, using the admixture model and under the assumption of correlated allele frequencies (Falush et al. 2003; Evanno et al. 2005) . And values of the log likelihood of the data LnP(D) as a function of the number of clusters (K) resulting from the simulation using the STRUCTURE method, and ΔK based 
Results
Genetic diversity
The total number of 47 loci was observed of six primers; polymorphic bands were observed in 46 of the loci. In the analysis of allele frequency at each locus, 14 loci had common major alleles, and in the other 32 loci, different major alleles were observed according to the population tested. As the result of examination on band, the phenotype that was commonly observed at all loci was analyzed and a unique allele was observed only in the UL population. The proportion of the polymorphous loci (P) in the J. chinensis populations confirmed in this study was as follows: the UL population had the highest of all recording (93.6%), the KS population had the lowest (61.7%), and the population average was 78.7%. The observed alleles (A) were the most frequent in the DB, UL, and US populations as 1.9 alleles. The KS population had the least number of observed alleles (1.6), and the population average was 1.8. The effective number of alleles (Ae) per locus, which indicates the evenness of gene frequency in each locus, was the lowest as 1.4 in the KS and YD populations. The other populations maintained similar values to each other as the population average was 1.5. The gene diversity index (h) and the Shannon index (S.I.) were the (Table 3) .
Genetic differentiation and structure
In order to investigate the degree of genetic differentiation of J. chinensis, a hierarchical analysis was performed using analysis of molecular variance (AMOVA) ( Table 4 ). The degree of differentiation in the three populations (SC1, SC2, SC3) located closely within the same site was 5.52%, and the level of genetic differences between the populations within the site was not large. The UL population; four populations of DB, KS, YD, and US; and JS population were located on island, coastal area, and inland, respectively. The differentiation degree among these populations was 11.50%, and the genetic variation within the populations was 82.98% (Table 4) . The degree of differentiation of SC1 and SC2, which are adjacent to each other, was very low as 0.45%. Almost no genetic variation was observed between these two populations; however, the genetic variation of SC2 and JS was very high as is recorded at 28.35% (Table 5 ). The gene flow between the populations was calculated as 2.05. A Mantel test was performed with the differentiation values of each population and the log values of the linear distance between them. The P value was a positive 0.421(p < 0.05), and the differentiation exhibited an increasing tendency as the distance between the populations become farther. A cluster analysis was performed using the genetic distance between the populations. The SC1 and DB populations clustered first, and SC2, US, and SC3 formed another group. The UL and KS populations clustered together to form a group, while YD distributed in the southernmost longitude and JS in the inland were clustered together to form a separate group (Fig. 2) . The LnP (D) of the genetic community structure continue to increased up to K = 7, a virtual cluster number, and since then gradually decreased. The ΔK value calculated with LnP (D) was the greatest when K is 2 and gradually decreased in the latter section (Figs. 3 and 4) . When K = 2, the membership coefficient increased from 0.609 to 0.731, and SC1, SC2, SC3, DB, and US populations formed cluster 1. KS, UL, YD, and JS membership coefficient increased from 0.822 to 0.941 and belonged to cluster 2, which formed individual clusters (Figs. 3 and 4) .
Discussion
The genetic diversity of the J. chinensis nine populations (h = 0.282, S.I. = 0.420) was quite lower than that of the compared with those measured in the same genus J. chinensis var. sargentii (S.I. = 0.463, Choi et al. 2004 ) but was higher than that of J. phoenicea (h = 0.130, Meloni et al. 2006) and J. thurifera (h = 0.141, Terrab et al. 2008) . It was also higher than that measured for gymnosperms (S.I. = 0.386) (Nybom 2004) . The level of genetic diversity in a population is closely related to the breeding characteristics of the species, and in general, allogamous species tend to exhibit high genetic diversity. J. chinensis is known in a dioecious plant that avoids self-fertilization (Lewis 1942; Thomson and Barrett 1981) . In a study of the formation of sex ratios in J. chinensis (Shin et al. 2015) , some populations demonstrated a relatively high infertility even though the number of females in the population was sufficient. This result suggests the possibility of a bottleneck phenomenon following a decrease of the population size. SC1, SC2, DB, UL, and US populations in this study have higher genetic diversity than the average of all the populations, as is demonstrated by the females and males with a rate minimum of 0.93 to 1.00, or a rate close to 1:1 (Table 3) . The DB population showed a sex ratio of 0.93 despite its high genetic diversity, suggesting that a bottleneck is likely to occur frequently owing to a decrease in its population size. The conditions for 1:1 sex ratio are not influenced significantly if the population size becomes bigger. On the contrary, if the population size is small and if the sex ratio is even, the population bears a higher possibility of dying out eventually due to the limited number of breeding opportunities (Lienert and Fischer 2003) . The KS population had the lowest genetic diversity and sex ratio. Further study is required to clarify the relationships between genetic diversity, population size, and sex ratio. The high level of biodiversity appears to be the result of an accumulation of genetic variation through a repeated overlap of different generations over a long period of time, which is reasonable for a perennial woody plant such as J. chinensis. The habitat of J. chinensis populations is usually located on the cliffs, which makes it hard to obtain water and further increases possibility of isolation. In particular, the geographical distribution of habitats takes the form of a small population located on the outskirts of a coast. This state easily leads the J. chinensis populations to ecological isolation and will have a negative effect on the sustainability of the populations in genetic terms due to the extreme pressure for selection. A measure for habitat conservation is required for KS and YD populations inhabiting the coastal areas, as the habitats continue to be damaged and reduced by artificial Fig. 2 Dendrogram constructed by UPGMA method based on Nei's (1978) genetic distance using from nine populations of J. chinensis The genetic differentiation of the J. chinensis populations was 11.5%, and it was higher than J. phoenicea (Φ ST = 0.106; Dzialuk et al. 2011) (Wright 1931) . The SC1, SC2, and SC3 populations that were distributed in the same region did not show much difference in the degree of differentiation among them. However, the KS, YD, and JS populations that grow in different geographical areas had a greater level of genetic differentiation compared with the rest of the eight populations, except with itself. J. chinensis populations are distributed in isolated state along the edges of the coastline rather than group. When a population grows on the outskirts of a distribution range in this manner, it may experience situations similar to habitat fragmentation depending on the degree of separation (Young et al. 1996) . The fragmentation caused by the habitats destruction following land development greatly influences the gene flow (Manel et al. 2003) ; thus, the genetic differentiation among isolated populations occurs due to limitation of gene flow (Hutchison and Templeton 1999) . Furthermore, genetic variation following gene flow is influenced by the degree of population size and the distance between populations (Eckert et al. 2008) .
The analysis on genetic structure accurately reflects the result of the genetic differentiation of the nine J. chinensis populations assessed in this study (Fig. 4) . In the cluster analysis, we confirmed that the KS and UL and YD and JS populations were separated into a single cluster when the virtual number of the cluster was K = 2. The genetic diversity and geographical distribution of a population are influenced by the population size and the evolution of gene flow from the past to the present day (Vucetich and Waite 2003) . Currently, the distribution of the J. chinensis populations demonstrates a tendency towards an isolated distribution in the restricted areas. However, Shin et al. (2015) estimated that this species used to have a continuous distribution centered in the East Sea areas considered the environmental and genetic factors. Genetic differentiation is greatly influenced by the fertilization modes of plants, cutoff of a gene flow due to a physical or physiological barrier, and decrease of the number of a population or of the number of individuals (Jacquemyn et al. 2004; Wang et al. 2008) . The discontinued distribution trend of the domestic J. chinensis populations in Korea is thought to be influenced 
Conclusion
Isolated population ultimately poses a threat to the survival of species, and dioecious plants are particularly influenced by the sex ratio of its population in terms of evolution (Couvet et al. 1998; McCauley et al. 2000) . The greatest influence on the maintenance of a population is the dispersion of pollen and the dispersal strategies of seeds (Olivieri et al. 1995; Ronce et al. 2000) . The seeds of plants that belong to the genus Juniperus are mainly dispersed by birds, and it was clarified that 60% of them are dispersed more than 12 m (Adams 2011). However, most seeds of Juniperus have physiological dormancy (Mandel and Alberts 2005) and thus germination rate is low. The genetic diversity observed in this study was similar to that of other dioecious species (Phellodendron amurense S.I. = 0.421, Lee et al. 2014 ; Fraxinus mandshurica S.I. = 0.509, Cho et al. 2002) , and degree of gene flow was not as low as dangerous level. Effective population size observed in the nine populations selected for this study was smaller than the actual population size. Particularly, KS population, which represented the lowest genetic diversity, showed higher percentage of female tree (Table 1) . But the number of fruit-bearing individuals was small, and thus, it is expected that genetic fluctuation would be large in the future. Therefore, continued management of J. chinensis populations and rigorous conservation strategies such as in situ and ex situ conservation are required for the effective maintenance and conservation of the genetic diversity between and within the populations. Further, ecological network, which can help genetic exchange among KS, UL, YD, and JS populations, should be prepared to increase genetic diversity of J. chinensis, and investigation on minimum viable population (MVP) is also required to prevent local extinction. 
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